In the past, research on the effect of external resource integration on technological innovation focused on product innovation, and process innovation was largely ignored due to its silence. The study takes the high-tech manufacturing industry in China's Bohai Rim, Yangtze River Delta and Pearl River Delta regions as a sample, and empirically analyzes the impact of government support, industry-university-research knowledge integration, and customer knowledge integration on corporate process innovation. The study found that: 1) government support can significantly promote process innovation, industry-university-research knowledge integration, and improve corporate performance.
Introduction
Innovation is critical to the survival and development of a company. Enterprise innovation is usually divided into product innovation and process innovation. In order to obtain and maintain competitive advantage, enterprises often need to have both innovation capabilities [1] [2] . In the existing innovation literature, a large amount of research has focused on product innovation. In contrast, process innovation has been largely ignored [3] ; research on process innovation needs to attract enough attention from researchers. Lim et al. (2010) [4] pointed out tors and production conditions inside the enterprise [9] . The second is that enterprises make full use of their external resource elements for innovative production, such as seeking government R&D support, interacting with universities and research institutions, etc. [10] [11] . Compared with internal R&D, external channels can not only effectively compensate for the shortage of innovation resources, reduce the risk of technological innovation, but also help companies to understand and grasp external information in a timely manner and maintain the cutting-edge advancement of innovation results. Especially, in the situation of increasing shortage of innovation resources and increasingly fierce market competition, opening up innovative processes and gaining insights from people and institutions outside the company has become the consensus. Actively seeks and utilizes external Resource elements have also become an important strategic way for enterprises to enhance their technological innovation capabilities. However, due to the confidentiality of process technology and process management, enterprises are more inclined to adopt "closed door" to improve processes and technologies or to purchase and update production equipment for process innovation. According to Parida et al. (2017) [12] , this greatly limits the depth and breadth of the company's technological innovation.
Through combing the process innovation literature, we find that the current research on process innovation mainly focuses on the following aspects: First, focus on the motivation of process innovation, such as Yang Zhuo et al. (2016) [13], Murat and Baki (2011) [14] , Tian Hongna (2012) [15] research on factors affecting process innovation from product innovation, organizational collaboration, and environmental protection; second, focus on the effects of implementing process innovations, such as cost savings, improved product delivery speed, and improved ecological performance [16] ; Third, focus on individual case studies, summarizing the experience and lessons of process innovation around the specific process innovation path and practice of the enterprise, such as Li Xianjun et al. (2016) [17] , Mo Yanjun (2014) [18] and other research. Through literature review and analysis, we find that the existing research is limited to the process innovation from the perspective of internal independent innovation, and even treats process innovation as an auxiliary process of product innovation, and lacks the perspective of obtaining from external resources. Krishnan and Jha, (2011) also emphasize that process innovation and innovation play an important role in connecting internal and external resources to produce superior results.
Based on this, this study will focus on the external approaches to enterprise technology innovation. Based on systematically examining the actual process of enterprise process innovation, we focus on three types of external approaches:
government support, industry-university-research cooperation, and customer knowledge management. Among them, the government's support for enterprise technology innovation is reflected in government policies, funds, plans and other measures to make up for the lack of innovation elements. The industry-university-research knowledge integration refers to the interaction with innovative institutions such as universities and research institutions. Customer knowledge integration is the degree to which an enterprise acquires and integrates knowledge from its customers. This study attempts to clarify the mechanism of government support, industry-university-research knowledge integration, and customer knowledge management on enterprise process innovation, and through empirical research, analyze these impact, so as to provide reference for Chinese enterprises to better use external channels to organize innovative production, and thus promote the smooth construction of innovative countries.
The structure of the article is as follows: The next section proposes the research hypothesis of the conceptual model based on the relevant theoretical basis and influencing mechanism. The third section introduces the research design of this study, including sample selection, data collection, and measurement of variables. The fourth section reports the reliability and validity analysis results of the questionnaire data, and uses the structural equations for path analysis and testing. In the final part, we discuss and analyze the results of empirical research, and propose the limitations of the article and future research directions.
Theoretical Background and Research Hypothesis

Government Support and Process Innovation, Corporate Performance
Firstly, based on the perspective of institutional theory, corporate strategies are driven by heterogeneous resources owned by firms [19] , and are also influenced by formal and informal institutions [20] [21] . The institutional framework defines the scope and manner for enterprises to acquire resources. One is that the government plays a key role in resource allocation. The government supports have an impact on corporate sustainability and technological innovation through financial subsidies, policy loans, tax incentives, legal and regulatory services, intellectual property protection, industry technology research and development public platform construction, industry technical standards services, industry public information services, and training services [22] . In turn, Enterprises that Open Journal of Business and Management have obtained government support are also equivalent to obtaining the invisible trust of the government, and the corporate reputation can be further enhanced, which inevitably promotes the value-added for enterprises. Furthermore, enterprises are more likely to acquire, agglomerate and integrate innovative resources, so that they can promote the implementation of innovation strategies, and improve technological innovation capabilities. Secondly, government policies and plans determine the direction of corporate strategy development and implementation [23] , which has a significant impact on the company's ongoing operations and long-term profitability. Based on China's national conditions, the historical track of economic system reform shows that although the power of the market economy is becoming more prominent, the Chinese government's decisionmaking power in formulating policies, allocating resources, and approving projects cannot be ignored [24] , and we must pay attention to the Chinese economy and should pay attention to the close interaction between government and enterprises in China's economic transformation [25] [26] .
To develop quality and speed of the economy, process innovation is a key link.
The government has an important influence on the direction, speed and scale of technological innovation [27] . Through specific policies and programs, the government provides additional resources to companies that meet government expectations, strengthens the willingness to foster technological innovation and optimizes innovation behavior [28] . In addition, from the perspective of innovative features, process innovation is also characterized by high risks and high investment due to various inputs such as equipment, technology, raw materials, environment, and talents [29] . Government support effectively ease the pressure on corporate resources, improve stability, and reduce innovation risks [30] .
Moreover, government support can directly increase the non-operating income of enterprises by reducing tax burden or increasing financial subsidies, so that enterprises have more financial strength to invest in business and innovation activities. Based on this, we assume that:
H1: Government support positively affects process innovation.
H2: Government support positively affects corporate performance
Industry-University-Research Knowledge Integration, Process Innovation and Enterprise Performance
Many articles examining the relationship between innovation and knowledge show that knowledge is a pioneer in innovation [31] [32] [33] . The combination and creation of new knowledge is the key to innovation [34] , and a higher level of knowledge will generate more innovation [35] . Process innovation is more inclined to internal orientation, characterized by gradual, systematic and tacit, however, by enterprises' own strength, the ability in basic process technology, machinery and equipment is still limited [36] . It means that process innovation often requires cross-functional expertise. Universities and scientific research institutions can provide enterprises with a wide range of upstream knowledge of Open Journal of Business and Management knowledge chain. Through industry-university-research cooperation, enterprises can make up for their shortcomings and insufficient resources in innovation, and integrate the professional knowledge of members with different backgrounds [37] . The integration of industry, university and research knowledge also provides an alternative knowledge of process innovation issues and solutions, helping to achieve better solutions in high levels uncertainty and ambiguity condition, and reducing the uncertainty of process innovation. In addition, industry-university-research cooperation can help companies to reflect on how they implement the process, and re-analyze the entire process from start to finish to seek to improve efficiency and improve product quality, which can ensure the company's continued profitability and long-term development of. Based on this, we assume that:
H3: Industry-university-research knowledge integration significantly positively affects process innovation.
H4: Industry-university-research knowledge integration significantly affects corporate performance.
Customer Knowledge Integration Process Innovation and Enterprise Performance
In the past few decades, the position of customers in innovation has been successfully transformed from passive recipients to active co-designers. Ernst (2002) [38] emphasizes that customer participation in the innovation process plays an important role in reducing uncertainty. Yang (2014) [39] also believes that customer knowledge creates social capital between customers and innovative developers. Integrating customer knowledge means that the company allows customers and their needs to be introduced into the innovation process [40] , that is to say, innovative developers such as R&D teams apply customer knowledge including customer experience, perception, demand, expectations and preferences in conducting innovative activities [41] . Customer knowledge integration helps ensure ultimate customer acceptance and market adaptability. Customer knowledge integration is not uncommon in product innovation [42] [43] [44] [45] . It also plays an important role in process innovation. The ultimate goal of process innovation is to enable companies to achieve cost-effective product delivery [46] [47] . Companies that leverage customer knowledge are more likely to understand the different behaviors of their customers and gain insight into the underlying needs behind customer behavior. Combining customer knowledge helps companies improve their production processes for their target customers, improve the quality of deliverables, and shorten lead times. Kurkkio et al. (2011) [48] also pointed out that process innovation is not just a solution to the responsiveness of daily production, but a forwardlooking vision to meet future challenges, and thus requires companies to gain knowledge and feedback from interactions with customers. Companies that engage in customer knowledge integration are more motivated and willing to maintain long-term relationships with their customers in order to seek the re-Open Journal of Business and Management turn on their investment in process innovation. Customers benefit from process improvement and quality reduction and cost reduction, which in turn will also strengthen cooperation with companies. As interaction and communication of information and knowledge between enterprises and customers continue to deepen, the relationship of interests and satisfaction of cooperation will also be continuously improved. Ultimately, it will have an important impact on the growth of corporate performance. In general, the above supports the following assumptions:
H5: Customer knowledge integration significantly positively affects process innovation.
H6: Customer knowledge integration significantly positively affects business performance.
Process Innovation and Financial Performance
Process innovation focuses on "how work is done" in an organization. Therefore, an important goal of process innovation is to improve operational efficiency and quality. Process innovation plays a positive role in the efficiency and quality of production processes by reducing costs, increasing production, improving product quality and stability, increasing market responsiveness, and promoting environmentally friendly and green production processes [49] [50]. Especially in mature markets that products tend to be homogeneous, to achieve higher market share and economic benefits, companies that focus on process innovation are more likely to have a competitive cost structure to manufacture and deliver products faster, more flexibly, and cheaper (Congden and Schroeder, 1996) [51] . In addition, process innovation is often hidden within the organization, and this concealment makes it difficult for competitors to understand and imitate [52] , so the time and space for companies to add value first is maintained. Therefore, as a scarce, valuable, and difficult to imitate resource (Barney, 1991) , process innovation is considered to be a major source for creating sustainable competitive advantage and improving organizational performance [52] . Based on this, we assume that:
H7: Process innovation actively promotes corporate performance.
Government Support and Industry-University-Research Knowledge Integration
The theory of national innovation system believes that there is a wide interaction between universities and industry, and the government plays a direct or indirect intervention role in this interaction. The practical experience of innovation development at home and abroad also shows that government support is an important force to promote the innovation and development of industry, academia and research [53] [54]. On the one hand, combined with the research of Arrow (1962) [55] and Tassey (2004) [56] , the cooperation between industry, university and research is still essentially a knowledge production activity. The spillover characteristics of knowledge production make the industry-university-research Open Journal of Business and Management cooperation entities unable to enjoy the full benefits of the innovation results.
Without external intervention, the actual results of the industry-university-research cooperation will be lower than the social optimal level, causing "market failure".
Government support can build an industry-university-research innovation platform, formulate relevant legal norms, strengthen intervention and supervision of industry-university-research innovations, constrain the behavior of various subjects, and reduce the "free-riding" phenomenon in the process of industry-university-research cooperation, thereby reducing the spillover of innovation results [57] . On the other hand, as a kind of knowledge production process, industry-university-research knowledge integration requires a large amount of capital investment. If only relying on the cooperation of various entities to raise funds, it will be difficult to meet the needs of the innovation process. The government's financial support for the innovation, can not only directly increase the scale of funds, but also attract more investment from industry-university-research entities, as well as related external funds, thus alleviating the tight capital situation in the process of industry-university-research cooperation [58] . Furthermore, introducing government supervision and support in the industry-university-research innovation platform, can establish a corresponding interest coordination and distribution mechanism, which helps to reduce the transaction costs of innovation entities and the risk of collaborative innovation failure. As a Whole, we assume that:
H8: Government support significantly positively affects industry-university-research knowledge integration.
Method
Data Collection
Our research is based on the high-tech enterprises in China's manufacturing in- Table   1 .
Measurement
In order to fully guarantee the reliability and validity of the measurement tools, we use the mature scale design questionnaire in the existing literature, and based on this, adjust the appropriateness according to the research objectives and content. This study used the Likert seven-level scale to measure the relationship between government support, industry-university-research knowledge integration, customer knowledge integration, process innovation, and firm performance. In addition, according to the existing research, this paper analyzes the production control variables of the enterprise scale, the industry where the enterprise is located, and the enterprise.
In order to fully guarantee the reliability and validity of the measurement tools, 
Analysis and Results
Measurement Model
First, a reliability test is performed. We used Cronbach's α coefficient to measure internal consistency. According to Table 2 , Cronbach's α values ranged from 0.833 to 0.884, both above the critical value of 0.70 [59] . At the same time, we can see that the value of the combined reliability is also higher than the critical value of 0.70. Based on this, we believe that the internal reliability of this study is good enough to pass internal consistency test.
Validity tests for this study included content validity, convergence validity, and discriminant validity, and results are illustrated in the Table 3 . For the content validity, on the basis of literature review in this research field, we invite research experts and supply chain management personnel in the field to discuss, evaluate and adjust the scales which has been used by domestic and foreign scholars. It can be considered that the content validity of the scale is well guaranteed. In terms of convergence validity and discriminant validity, we use confirmatory factor analysis (CFA) to test 
Hypothesis Testing and Results
The Based on existing research on the differences between product innovation and process innovation [67] [68], this paper proceeding from process innovation, Figure 1 . SEM results.
Conclusions and Discussion
Research Conclusions and Theoretical Contributions
thus it further enriches and improves the research on corporate innovation.
2) Government support has a positive influence on process innovation and improves corporate performance. These results further support Zeng et al. 3) The industry-university-research knowledge integration significantly affects process innovation, but does not impose significantly effect on corporate performance. The industry-university-research knowledge integration can significantly influence process innovation, supporting the research by Un and Asakawa (2015) [37] , Parida et al., (2017) [12] . They claim that although process innovation is an internal behavior, it can still benefit from external innovation cooperation. The positive impact of industry-university-research knowledge integration on corporate performance is not good. The possible reason is that the research results are limited by the research method we used. More specifically, the data are collected in the same time period which belongs to static research, but the impact of industry-university-research knowledge integration on corporate performance has a time lag. Therefore, industry-university-research knowledge integration does not significantly promote corporate performance within this framework.
4)
Customer knowledge integration has a significant negative effect on process innovation and has no significant influence on firm performance. This conclusion is inconsistent with the hypothesis of this paper. For this, we discuss reasons by searching existing literature. First, there is a risk of customer knowledge integration in the innovation process: a) Excessive attention to customers' needs and personality may cause excessive dependence on customers [75] . b) Customer knowledge transfers from outside to internal departments of the company and from one department to another suffer from risk of loss or distortion [76] [77]. c) Innovators and customers are not necessarily willing and able to interact with knowledge integration [78] , so customer knowledge integration may have a certain negative effect on process innovation. However, it is not wise to advocate that customer knowledge integration should not be carried out in the process innovation. Enkel et al. (2005) [79] pointed out empirically that compared with the integration of customer knowledge, the risk of not having customer knowledge is greater because it means that the company's products will not be market-oriented, and not using customer knowledge will limit innovation. Second, Lee and Kim (2010) [80] , Anne and Salminen (2010) [81] , and Reimann et al.
(2010) [82] found that customer knowledge plays an important role in reducing Open Journal of Business and Management corporate costs, rather than overall corporate performance. More generally, companies in mature markets tend to use customer knowledge to improve production processes and improve business efficiency, rather than gaining operational profitability and increasing market share (Hung and Norma, 2018) . In other words, the impact of customer knowledge on business performance is not straightforward.
Managerial Implications
This study explores the impact of external resource acquisition on innovation from the perspective of process innovation, and it provided certain work sugges- Finally, when enterprises use external resources for process innovation, they need to combine the actual situation of the enterprise, such as the scale and the strategic decision of the enterprise and the external market environment. Besides, the influence of the acquisition and application with different external resources on innovation performance and economic benefits of the enterprise are different in the long-term and short-term. And companies enterprises should avoid excessive dependence on some external resources.
Limitations and Future Research Directions
Although this research has achieved certain research results, there are some li-Open Journal of Business and Management , and the role of customers can also influence the process innovation by means of customer participation, customer interaction, and co-creation [85] . In addition, the role of universities and research institutions may also be different. It may therefore require different treatment [86] [87].
